Three-dimensional structure of rat-liver acyl-CoA oxidase in complex with a fatty acid: insights into substrate-recognition and reactivity toward molecular oxygen.
The three-dimensional structure of rat-liver acyl-CoA oxidase-II (ACO-II) in a complex with a C12-fatty acid was solved by the molecular replacement method based on the uncomplexed ACO-II structure. The crystalline form of the complex was obtained by cocrystallization of ACO-II with dodecanoyl-CoA. The crystalline complex possessed, in the active-site crevice, only the fatty acid moiety that had been formed through hydrolysis of the thioester bond. The overall dimeric structure and the folding pattern of each subunit are essentially superimposable on those of uncomplexed ACO-II. The active site including the flavin ring of FAD, the crevice embracing the fatty acyl moiety, and adjacent amino acid side chains are superimposably conserved with the exception of Glu421, whose carboxylate group is tilted away to accommodate the fatty acid. One of the carboxyl oxygens of the bound fatty acid is hydrogen-bonded to the amide hydrogen of Glu421, the presumed catalytic base, and to the ribityl 2'-hydroxyl group of FAD. This hydrogen-bonding network correlates well with the substrate recognition/activation in acyl-CoA dehydrogenase. The binding mode of C12-fatty acid suggests that the active site does not close upon substrate binding, but remains spacious during the entire catalytic process, the oxygen accessibility in the oxidative half-reaction thereby being maintained.